This study shows that the cardiac effects of isolated diffuse cerebral injury may be harmful and even fatal despite correction of secondary factors such as anoxia and raised intracranial pressure. The findings suggest that evaluation of the potential benefits of sympathetic blockade is warranted. Cardiac complications of cerebral damage deserve wider recognition by intensive care personnel, neurologists, and neurosurgeons.
Electrocardiographic abnormalities and myocardial damage are recognised accompaniments of subarachnoid haemorrhage.' 4 The subsequent clinical course of these patients may be complicated by rebleeding, investigation and surgery, and occasional diffuse cerebral ischaemia. Intervention designed to protect the heart may therefore have no effect on the overall prognosis. Myocardial damage after cerebral trauma has received less attention, and no systematic attempt has been made to examine potential cardiac sequelae of head injury alone. All such patients, except those with acute haematomata, show a neurological deficit that is maximal initially, but can be expected to improve steadily with appropriate clinical care. Many of these patients can make an excellent neurological recovery. A group of young subjects with no prior history of cardiac disease who had sustained an isolated severe head injury in road accidents was therefore studied to determine whether any serious cardiac sequelae resulted. *Present address: British Heart Foundation Research Fellow, Division of Cardiology, Duke University, Durham, NC, USA.
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We studied seven patients with severe head injuries from road accidents. Their ages ranged from 11 to 39 (mean = 22) . All had been apparently in perfect health before their accident. None was overtly obese or in any other way abnormal, with the exception of their presenting injury. Questioning of relatives disclosed no evidence of prior cardiac disorder, hypertension, or other significant disease. The presence of any other injury excluded patients from the study.
Computerised axial tomographic scans of the brain were obtained in all cases. The presence of a focal lesion or haematoma also excluded patients from the study. All patients were deeply unconscious and showed either no response to pain or purposeless or decerebrate response. Pupils were dilated and fixed to light in all but two. All were admitted immediately to our unit from the scene of the accident. This was usually within the hour but was in all cases less than four hours. Each patient was then studied intensively for 72 hours.
Patients were admitted to the intensive care unit, intubated electively, and ventilated to maintain Pco2 in the range 3 to 4 kPa (23 to 30 mmHg). Subdural pressure transducers (Gaeltec Ltd.) were inserted through a burr hole. Continuous recording of the electrocardiogram was made with an Oxford-Medilog recorder and was analysed using an Oxford analysis system and a Reynolds Pathfinder. Recordings were continued for 72 hours. A thermodilution cardiac output catheter was sited in the pulmonary artery and used for pressure monitoring and regular measurements of cardiac output. Routine pulse and blood pressure measurements were made by the nursing staff. Daily assays of creatine kinase (CK) and its myocardial isoenzyme (CK MB) were made from serum samples. Care was taken to avoid possible enzyme degradation56 and isoenzyme separation was then achieved by electrophoresis on agarose gel. A fluorimetric technique was used to measure enzyme activity.78 Twenty-four hour urine samples were collected for assay of free catecholamines and their metabolites.9-"1 On each of the first three days in hospital, the Pco2 was allowed briefly to rise to normal and cerebral blood flow to both hemispheres was measured using a '33Xe rebreathing method.'2 13 Typically, values were normal or slightly raised. Mean cardiac outputs were slightly above normal (6-2 /min on day 1, with no significant change on days 2 or 3). These were influenced, however, by one patient who consistently showed outputs above 10 /min.
12 lead electrocardiograms showed features associated with intracerebral lesions. 14 Peaked P waves and T waves were seen, with short PR intervals in two cases. Definite ischaemic change of the ST segment was only present, however, in one case on routine electrocardiogram (inferior lead ST depression) and this resolved in later tracings.
Continuous tape recording of the electrocardiogram disclosed very abnormal patterns. A normal heart rate trend recording in a resting subject is shown in Fig. 1 . By contrast, the typical pattern in our patients was of a pronounced sinus tachycardia without any beat to beat variation (Fig. 2) . This was present in five cases on day 1. Heart rate pattern generally became more normal, but one case showed sudden accelerations of heart rate on day 2, with dramatic variation in sinus rate from around 75/min to 160/min (Fig. 3) .
Continuous electrocardiographic monitoring disclosed evidence suggestive of significant myocardial ischaemia (ST segment depression of 3 mm, 5 mm, and 13 mm) in three cases. One patient showed steadily increasing depression of the ST segment with concomitant increase in heart rate ( Fig. 4) . Peak heart rate of 190/min and ST depression of 13 mm were seen. Despite treatment with beta-blocking agents during the later hours after admission, lethal cardiac arrhythmias supervened (Fig. 5) . Another Fig. 3 One hour heart rate trend on second day in patient who initially showed cardiac rhythm similar to the case in Fig. 2 . Note abrupt and extreme accelerations in heart rate.
CK MB levels were also raised ( scanning was used in all cases to exclude patients with focal lesions such as haematomata. Patients with additional major injury were also excluded. The effects studied were thus those which were caused by diffuse cerebral injury itself.
The evidence for cardiac morbidity and mortality in these patients rests on several investigative methods. Firstly two patients died, and neither from any apparent intracranial cause. In the one heart which was available to us for study, focal myocardial necrosis was found. We have observed similar changes after subarachnoid haemorrhaget8 and several studies sug The heart rate trend recordings in our patients suggest that sympathetic overactivity is common early after severe brain injury, and this accords with the measured urinary catecholamines and their metabolites. The two patients who died had the highest levels. Overactivity may not be constant, however, and bizarre cyclical discharges as seen in Fig. 3 may occur. We have attempted to correlate these findings with the release of CK MB isoenzyme of CK. As yet no perfect method for fractionation of CK isoenzymes exists3334 and this has confused the published reports on this subject. Some authors have considered CK MB as "cardiospecific"35-37 but low levels which may reach 2% total CK have been found in normal subjects and in a variety of non-cardiac disorders. 38 Recently evidence has been presented for differing lability of the isoenzymes, and modifications in collection methods which we have adopted have been suggested to avoid oxidative changes which may alter electrophoretic mobility.5 39 Further study on subsequent head injury cases has shown the presence of "brain specific" isoenzyme (CK BB) in a number of patients, and satisfactory separation between this and CK MB has been achieved. We have attempted to rule out the effects of skeletal trauma as a cause of enzyme rises in our subjects by studying separately a series of 10 patients undergoing major orthopaedic surgery. In these patients total CK did not exceed 600 IU/l and CK MB remained at 2% or less. Thus, though there is some overlap, there is apparently release of myocardial CK in our patients. Kaste and his colleagues have provided evidence that this occurs15 and may worsen prognosis. Some of their cases included purely intracranial catastrophes where there could be no question of skeletal muscle injury.
The results of our study, and of other attempts to investigate the damaging effect of brain lesions on the heart,'5 suggest that attention to the cardiovascular system may be important in neurosurgical practice. Further investigation is needed to explore the possibility that the heart can be protected against the damage induced by intense sympathoadrenal stimulation. A second study has therefore been initiated to investigate the possible protective effects of cardioselective beta-blockade. Non-selective beta-blockade is theoretically unattractive by virtue of a potentially unopposed alpha-vasoconstrictor action in resistance vessels resulting in systemic hypertension. Preliminary studies suggest that accurate titration may be difficult to achieve, however; plasma adrenaline and noradrenaline levels have been found in excess of 18 times the upper limit of normal values by the present authors (unpublished observations).
Our findings may also be relevant in the field of cardiac transplantation which has re-emerged as an occasional treatment for advanced cardiovascular failure in the United Kingdom. Many donor hearts are removed from victims of road accidents, and by extrapolation from our results some of these may have microscopic foci of myocardial necrosis. Even if there is no lasting impairment of cardiac function, myocardial necrotic lesions may have some effect on the immune response in the recipient.
In conclusion, in a series of patients with isolated diffuse cerebral injury who had no prior cardiac defect, who were admitted rapidly to hospital, and who were intensively monitored and treated to reduce unnecessary metabolic or respiratory insults, evidence of extreme sympathetic disturbance with deleterious cardiac sequelae was found. Our studies suggest that a large proportion of these cases may show biochemical evidence of disturbance of catecholamine mediators, and secondary release of CK and CK MB from injured tissue, some of this arising from the heart. Electrocardiographic evidence of severe disturbance may be found. Direct evidence of myocardial damage may be apparent in patients who die. Attempts must now be made to interrupt the damaging stimulusresponse link in these patients. Cardiac morbidity and possible mortality deserve wider attention from those working in intensive care or neurosurgical units.
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